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MICROSPORIDIA in the genus Encephalitozoon are obligate
intracellular parasites transmitted by spores via the fecal–

oral route. Encephalitozoon intestinalis, E. hellem, and E. cuniculi
infect humans and wild and domesticated animals. Relevant res-
ervoirs and the routes of spread of these species infecting humans
remain largely unknown. However, detection of spores in ground-
water, water used for drinking, and in an outbreak thought to be
waterborne strongly suggest the potential and importance of wa-
terborne transmission (Cotte et al. 1999; Dowd, Gerba, and Pepper
1998; Fournier et al. 2000). Rendering spores non-infectious is
extremely important for food and water protection and for safe
facility management but data on inactivation and disinfection of
spores are sparse. The present studies were designed to investigate
the effects of ethanol, chlorine, heating and freezing on infectivity
of E. intestinalis, E. hellem, and E. cuniculi spores using cell cul-
ture as a bioassay.

MATERIALS AND METHODS

Spores of E. intestinalis originally isolated from an AIDS pa-
tient and propagated in cell culture (Didier et al. 1996) were pro-
vided by Elizabeth Didier, Tulane Regional Primate Center,
Covington, Louisiana. Spores of E. hellem (ATCC No. 50451)
and E. cuniculi (ATCC No. 50602) were purchased frozen in me-
dium containing 10% DMSO cryoprotectant (American Type
Culture Collection, Manassas, Virginia). All spores were propa-
gated in mammalian cell cultures as described (Li et al. 2003). For
each ethanol, chlorine, freezing, and heating treatment 150,000
spores of each species were placed in individual tubes and treated
separately. Treated spores and untreated control spores were bio-
assayed for infectivity in MDBK cell monolayers grown in eight-
well Lab-Tek chamber slides (Nalge Nunc Intl, Naperville, IL).
Spores from every tube were inoculated into three wells (50,000
spores each) and cultured, fixed, stained, and examined by micro-
scopy as described (Li et al. 2003). Intracellular clusters of de-
veloping microsporidia in each well were counted. For each
treatment, three uninoculated cell monolayers served as negative
controls.

Ethanol treatment. Six tubes per species each contained
spores suspended in 1 ml of 70% ethanol in 1.5 ml microcentri-
fuge tubes. Duplicate tubes were prepared for each treatment at
each of three time points while a seventh tube of spores suspended
in Hanks balanced salt solution (HBSS) for 20 min served as an
untreated positive control. Spore suspensions were incubated for
5, 10, and 20 min at 22 1C, washed three times in HBSS by cen-
trifugation at 2,000 g for 6 min, then suspended in culture medium
and inoculated into MDBK cell monolayers.

Chlorine treatment. Commercial laundry bleach (5.25% so-
dium hypochlorite) was diluted 1:50,000, 1:10,000 and 1:1,000

with deionized water (v:v). The pH value was measured with an
ATI Orion pH meter (model 330, Orion, Boston, MA). Free avail-
able chlorine and total residual chlorine were measured using a
digital chlorine colorimeter kit (model DC1100, LaMotte Co.,
Chestertown, MD). Spores of each species were placed in 13
microcentrifuge tubes and 1 ml of chlorine solution was added to
12 tubes (three dilutions � four time periods1one chlorine� free
control). Spores were exposed at 22 1C for 10, 30, 60, and
120 min, washed three times with HBSS as above, suspended in
culture medium, and inoculated into MDBK cell cultures.

Freezing. Spores of each species suspended in 1 ml of deion-
ized water (pH 7.7) in microcentrifuge tubes were held at � 20 1C
for 2, 4, 8, 12 and 24 h. Spores held at 4 1C for 24 h served as a
positive control. Two tubes containing spores of each species
were thawed to room temperature at each time point. These and
controls were concentrated by centrifugation at 2,000 g for 6 min,
suspended in culture medium and inoculated into MDBK cell
monolayers.

Heating. Of six microtube PCR vials (no. T53-300, Lab-
Source, Chicago, IL) containing spores of each species suspend-
ed in 500 ml DMEM culture medium, five vials were inserted into
wells of a DNA Thermal Cycler (Perkin-Elmer, Cetus, Norwalk,
CT) and held at 50, 60, 70, 80, and 100 1C, respectively, for 1 min
(Table 1). In a second trial, three of four vials containing spores of
each species were placed in the Thermal Cycler and held at 100 1C
for 2, 5, and 10 min. For each trial one vial was held at 22 1C as an
untreated control. Spores from each treated and control vial were
then inoculated into MDBK cell monolayers (Table 1).

The effect of treatments was expressed as percent inhibition
calculated as the [(mean number of intracellular clusters of mi-
crosporidia in wells inoculated with control spores)� (mean num-
ber of clusters in wells inoculated with treated spores) (mean
number of clusters in wells inoculated with control
spores)] � 100. Wells in which no clusters were found were re-
corded as 100% inhibition, although it is recognized that this fig-
ure reflects test limits and is not absolute.

Table 1. Effect of exposure to elevated temperatures on infectivity of
microsporidian spores for cultured cells.a

Temperature vs
Time (C/min)

Encephalitozoon
cuniculi

Encephalitozoon
hellem

Encephalitozoon
intestinalis

50/1 73.6 12.1 67.9
60/1 74.9 91.1 98.3
70/1 84.4 98.8 98.9
80/1 94.0 99.1 99.1
100/1 100 99.4 99.7
100/2 100 96.9 99.9
100/5 ND 99.7 100
100/10 ND 100 100

aResults are expressed as percentage inhibition of microsporidia
growth.

ND, not determined.
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RESULTS AND DISCUSSION

Spores of E. intestinalis and E. cuniculi exposed to 70% ethanol
for 5 min and those of E. hellem exposed for 20 min were rendered
100% non-infectious for MDBK cell monolayers. Similar results
were obtained in studies by others. Exposure to 70% ethanol for
30 min (Waller 1979) or even 10 min (Shadduck and Polley 1978)
entirely inhibited E. cuniculi growth in cell culture.

The free available chlorine/total remaining chlorine at dilutions
of 1:50,000, 1:10,000 and 1:1,000 laundry bleach:water, respect-
ive pH values, and percent inhibition of growth after exposure of
spores to chlorine are shown in Table 2. After E. hellem spores
were exposed to laundry bleach diluted 1:50,000 (0.54 mg chlor-
ine/L) for 10 min, growth in MDCK cells was inhibited 100%.
Spores of E. cuniculi had to be exposed at the same dilution for
30 min or in laundry bleach diluted 1:10,000 (2.55 mg chlorine/L)
for 10 min before they were 100% inhibited. Although E. intes-
tinalis spores exposed to laundry bleach diluted 1:50,000 for
10 min resulted in 498% inhibition, exposure at a dilution of
1:1,000 (25.7 mg chlorine/L) for 10 min was required to obtain
100% inhibition. In an earlier study, E. intestinalis spores exposed
to chlorine at 2 mg/L for 16 min were inhibited 99.9% in a rabbit
kidney cell culture bioassay, suggesting this concentration was
effective for water treatment (Wolk et al. 2000). Microsporidian
spores from household water tanks, exposed overnight to chlorine
concentrations of 4 and 8 mg/L, were completely non-infective for
animals (Khalifa, El Temsahy, and Abou El Naga 2001). How-
ever, in that report the species of microsporidia was not identified
and there was no indication that positive control specimens were
tested to determine if animals were susceptible to infection from
untreated spores. The U.S. Environmental Protection Agency has
recently revised the maximum concentration of chlorine allowed
in drinking water at treatment plants to 4 mg/L. Data from the
present study found that exposure of E. cuniculi and E. hellem
spores to a chlorine level of 2.55 mg/L for 10 min was sufficient to
render 100% of the spores non-infective and to render 99.8% of
the spores of E. intestinalis non-infective after exposure for
120 min. Because spores in the present study were exposed at
22 1C, the lower temperatures of chlorinated drinking water may
require longer periods of exposure to reduce infectivity of spores
to levels obtained under experimental conditions but higher con-
centrations of chlorine might compensate for lower temperatures.
Conventional levels of chlorine (1–3 mg/L) used in swimming
pools where water temperatures normally reach or exceed 22 1C
should be adequate to greatly reduce or eliminate the infectivity of
E. intestinalis, E. hellem and E. cuniculi spores after relatively
short exposure times.

After E. intestinalis and E. hellem spores in water without
cryoprotectants were held at � 20 1C for 24 h, and E. cuniculi
spores were held at the same temperature for only 2 h, growth in

cell culture was inhibited 100%. Results obtained in studies with
other species or isolates of microsporidia and with other methods
vary widely. Infectivity of Nosema apis spores in bees held at
� 20 1C for 24 h differed little from fresh spores (Bailey 1972).
Spores from 31 species of microsporidia in water held in liquid
nitrogen for 2–25 yr were infective for insect hosts (Maddox and
Solter 1996). Spores of Glugea stephani, from flatfish, held at
� 19 1C for 24 h were considered viable based on a filament ex-
trusion test (Amigo et al. 1996). In contrast, spores of Loma sal-
monae in DMSO, Earle’s balanced salt solution, or water held at
� 20 1C and � 70 1C for 24 h did not infect fish (Shaw, Kent, and
Adamson 2000). Spores of E. cuniculi in water at 4 1C for 2 yr or
at � 12 1C and � 24 1C for 1, 8, and 24 h were infective for SCID
mice; those held at � 70 1C for 1 and 8 h were much less infective
(Koudela, Kucerova, and Hudcovic 1999). In contrast, another
study reported that spores of E. cuniculi in medium 199 held 1
days at � 20 1C and those held at 4 1C for 98 days were not in-
fective (Waller 1979). Still others reported that E. cuniculi spores,
in medium 199 with DMSO and glycerol, held at � 70 1C or in
liquid nitrogen for 6 mo infected rabbit choroid plexus cell cul-
tures (Shadduck and Polley 1978). Some E. hellem spores in water
frozen four times at � 15 1C for unknown times infected green
monkey kidney cell cultures (Kucerova-Pospisilova et al. 1999).
Differences in species, genotypes, and assay methods likely ac-
count for the diversity of findings in the foregoing reports.

Spores of E. cuniculi, E. intestinalis and E. hellem were ex-
posed to temperatures of 50 1C–100 1C with higher rates of inhib-
ition correlated to increasing temperature and time of exposure
(Table 1). Spores of E. cuniculi held at 100 1C for 1 min failed to
grow in cell culture whereas spores of E. intestinalis and E. hellem
had to be held for 5 and 10 min, respectively, to obtain 100% in-
hibition of growth. Others have observed similar effects of ex-
posure of E. cuniculi spores to elevated temperatures. Spores held
at 60 1C for 1 min but not those held for 5 min were infective for
mice (Koudela et al. 1999). Spores in HBSS held at 56 1C for
60 min but not those held at 120 min were infective for cells
(Shadduck and Polley 1978). Only 2.5% of spores held at 56 1C
for 30 min survived but boiling for 5 min or autoclaving at 120 1C
for 10 min killed all spores (Waller 1979). Collectively the present
findings and those of others demonstrate that spores of Enceph-
alitozoon species differ in their ability to survive exposure to ele-
vated temperatures but exposure to 100 1C for 10 min renders non-
infective all three species of public health concern.
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Table 2. Effects of exposure to chlorine on infectivity of microsporidian spores for cultured cells.

Dilution Factor Chlorine levelb pH Percent inhibition of microsporidia growtha

Encephalitozoon cuniculi Encephalitozoon hellem Encephalitozoon intestinalis

Exposure time (min)a

10 30 60 120 10 30 60 120 10 30 60 120

1:50,000 0.54/0.66 5.2 99.1b 100 100 100 100 100 100 100 98.2 98.6 98.9 99.2
1:10,000 2.55/2.87 5.0 100 100 100 100 100 100 100 100 99.2 99.3 99.3 99.8
1:1,000 25.7/31.3 4.4 100 100 100 100 100 100 100 100 100 100 100 100

aResults are expressed as percentage of inhibition on parasite development in a bioassay as described in ‘‘Materials and Methods.’’
bFree available chlorine/total residual chlorine expressed in mg/L.
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